Objective. To investigate the safety of long-term subcutaneous (SC) abatacept treatment using integrated clinical trial data obtained in patients with rheumatoid arthritis refractory to traditional diseasemodifying antirheumatic drugs.
. The reported incidence rate of local injection site reactions was 1.72 (95% CI 1.36-2.17); these events occurred primarily during the first 6 months of treatment, and almost all were of mild or moderate intensity. The incidence rates of serious infections, malignancies, autoimmune events, and injection site reactions did not increase over time.
Conclusion. Long-term treatment with SC abatacept was associated with low incidence rates of serious infections, malignancies, and autoimmune events and was well tolerated, with infrequent injection site reactions. These findings are consistent with those related to treatment with intravenous abatacept. Long-term treatment with SC abatacept did not lead to new safety signals over time.
The use of biologic agents for the treatment of rheumatoid arthritis (RA) can increase the risk of adverse safety events such as infections, malignancy, and autoimmune events (1) and may be associated with an increased risk of immunogenicity (2) and a loss of efficacy (3, 4) . Subcutaneous (SC) administration of biologic agents may also cause injection site reactions (5) . Furthermore, due to the chronic nature of RA and the increasing emphasis on earlier and more aggressive treatment, patients are likely to receive biologic therapy for extended periods of time (1, 6) . Therefore, physicians need treatments that not only provide a rapid positive response but also minimize long-term safety risks while maximizing long-term adherence to therapy (7) .
Abatacept is a fully human, soluble, recombinant fusion protein that selectively modulates the CD80/ CD86-CD28 costimulatory signal required for full T cell activation, resulting in decreased T cell proliferation and reduced production of proinflammatory cytokines (8) . Treatment with intravenous (IV) abatacept has demonstrated consistent safety and favorable efficacy benefits in clinical trials in a range of different populations of patients with RA (9) (10) (11) (12) (13) (14) (15) (16) , and the benefits of IV abatacept are maintained with continued long-term treatment (17) (18) (19) . These data are supported by realworld studies and long-term registry data, all of which reflect the balance of benefits and risks of treatment in clinical practice and demonstrate the sustained efficacy and safety of abatacept for the treatment of RA (20, 21) .
Integrated analyses of clinical trial data allow us to assess the long-term safety of biologic agents in combined large patient populations with exposure to the study drug. Periodic reassessment of safety data from such integrated analyses using incidence rates allows a standardized assessment of safety that can, over time, demonstrate any cumulative increased risk or new safety signals. Data reflecting up to 7 years of treatment have shown that IV abatacept is well tolerated, with stable incidence rates of serious infections, malignancy, and autoimmune events, and no new safety signals over time (22) .
A formulation of abatacept that allows SC selfadministration by the patient has been studied in 5 phase II and phase III trials (23) (24) (25) (26) (27) . Integration of these trial data allows for a comprehensive evaluation of long-term safety and occurrence of adverse events (AEs) related to SC administration as well as a comparison with the established safety of IV abatacept. In the present study, we describe the results of an integrated safety analysis of long-term SC abatacept treatment, using combined data from 5 clinical trials in patients with RA with a total exposure of 4,214.6 patient-years.
PATIENTS AND METHODS
Data were derived from the double-blind and openlabel phases of 5 clinical trials of SC abatacept in patients with active RA, as defined by the 1987 American College of Rheumatology revised criteria for the classification of RA (28) and the American College of Rheumatology 1991 revised criteria for the classification of global functional status in RA (29) . One phase IIa randomized controlled trial, 2 phase IIIb randomized controlled trials, and 2 phase IIIb open-label studies were included (Table 1) (23) (24) (25) (26) (27) . The majority of patients had experienced an inadequate response to methotrexate (MTX). All studies were carried out in accordance with the Declaration of Helsinki and were consistent with International Conference on Harmonisation Good Clinical Practice guidelines. Data for patients treated with IV abatacept in a previously reported integrated safety analysis were used for a comparison of events (22) .
All patients who received Ն1 dose of abatacept were evaluated for safety, including AEs, serious AEs (SAEs), and events of clinical interest (i.e., serious infections, malignancies, autoimmune events, and injection site reactions). The incidence rate of a safety event was calculated as the number of events per 100 patient-years of exposure, providing an estimate of the number of events that would occur if 100 patients were treated for 1 year. Exposure to SC abatacept was counted in days from the start of SC abatacept therapy until the first event or database locking (whichever occurred first); for patients who discontinued treatment prior to database locking, exposure was counted from the start of therapy until the first event or the end of treatment period plus 56 days (4 half-lives of abatacept in humans), whichever occurred first.
Incidence rates with 95% confidence intervals (95% CIs; Poisson distribution) were calculated overall and in 6-month intervals for the cumulative period (short-term plus long-term extension periods; includes patients who received SC abatacept at any time point). For 6-month incidence rate assessments, events were counted in the 6-month interval in which they occurred. Each patient contributed patient-years to a 6-month interval if they had been exposed to abatacept during that interval and had not experienced a particular AE prior to that interval.
Comparisons of safety events according to baseline body weight (Ͻ60 kg, 60-100 kg, and Ͼ100 kg) were conducted to ensure that the safety profile of SC abatacept, which is administered at a fixed dose rather than the weight-tiered dose of the IV formulation, was consistent regardless of patient weight. Safety events were also compared across different age groups (Ͻ65 years, Ն65 years, and Ն75 years) and according to sex. In addition, because the majority of patients in the SC abatacept clinical trial program had experienced an inadequate response to MTX, it was also of interest to assess the safety profile of the subgroup of patients who previously received or received and failed to respond to anti-tumor necrosis factor (anti-TNF) therapy at some point during their treatment history.
An electrochemiluminescence assay was used to assess immunogenicity during the trials included in this integrated analysis, based on the proportion of patients with a seropositive response, which was defined as an antibody titer of Ն10.
RESULTS
Patient disposition. The analysis included 1,879 patients. Among these patients, 1,576 (83.9%) were receiving treatment at the time of the analysis. The most common reasons for treatment discontinuation were lack of efficacy (n ϭ 86 [4.6%]), AEs (n ϭ 68 [3.6%]), or withdrawal of consent (n ϭ 45 [2.4%]).
Exposure and overall safety. Overall, 4,214.6 patient-years of exposure to SC abatacept were included in this analysis. The mean Ϯ SD length of exposure to SC abatacept was 27.3 Ϯ 9.1 months (range 2-57 months, median 29.1 months). Most patients (95.3%) were receiving concomitant MTX at baseline. A total of 62.9% of patients were receiving corticosteroids at baseline (mean oral dose 4.1 mg).
The overall incidence rate of AEs in this integrated analysis was 136. 13 Phase IIa dose-finding study (23) ALLOW (25) ACCOMPANY (27) ACQUIRE (24) ATTUNE (26) Cutoff date for data inclusion Table 2 ). The incidence rate of opportunistic infections was 0.31 (95% CI 0.18-0.53); opportunistic infections included herpes zoster (incidence rate 1.33 [95% CI 1.02-1.73]). Herpes zoster infections that were SAEs occurred at an incidence rate of 0.07 (95% CI 0-0.22). Tuberculosis (TB) occurred at an incidence rate of 0.09 (95% CI 0.04-0.25). A total of 4 cases of TB were reported (30): 2 cases of pulmonary TB (reported on day 317 of treatment in a patient with normal chest radiography findings and a negative tuberculin purified protein derivative [PPD] test result at baseline and on day 791 of treatment in a patient for whom no baseline information was available); 1 case of peritoneal TB (reported on day 537 of treatment in a patient with a history of childhood TB and for whom no baseline information was available); and 1 case of TB infection with no disease (reported on day 349 of treatment in a patient with normal chest radiography findings and negative PPD test result at baseline). Three of the patients were from South America, and the other patient was from Asia; all events resulted in treatment discontinuation. During the cumulative period, the incidence rates of TB at 6-month intervals did not increase with increasing exposure over time (incidence rates 0. Table 2) . A single case of B cell lymphoma was reported (incidence rate 0.02 [95% CI 0.00-0.17]). During the cumulative period, 27 patients had malignancies that resulted in discontinuation of the study drug. The incidence rates of malignancies at 6-month intervals did not increase with increasing exposure over time.
During the cumulative period, the reported incidence rate of autoimmune events was 1.37 (95% CI 1.06-1.78). The most frequent autoimmune events reported were psoriasis (incidence rate 0. 33 Most prespecified autoimmune events were of mild-to-moderate intensity; 4 autoimmune events were considered severe (multiple sclerosis [MS] , psoriasis, Crohn's disease, and vasculitis). The case of MS occurred on day 516 of abatacept treatment in a 44-yearold Caucasian female. The event was considered by the investigator to be possibly related to the study drug and led to discontinuation in that patient. Severe psoriasis was reported in 1 patient on day 839 of treatment and was considered to be an exacerbation of a mild event occurring on day 700; however, the event was considered to be unrelated to the study drug, and the patient continued to receive treatment. The case of Crohn's disease occurred on day 752 of treatment, was considered to be unrelated to the study drug, and did not result in discontinuation. The case of severe vasculitis (not otherwise specified) occurred on day 253 of treatment, was considered to be unrelated to the study drug, and did not lead to interruption or discontinuation of treatment with the study drug; the patient was treated with prednisone 20 mg/day, and the event was ongoing at the time of database locking. One event was considered to be very severe: rapid onset of vasculitis (again, not otherwise specified) that occurred on treatment day 574 in a patient with no history of vasculitis. Although the event was considered unlikely to be related to the study drug, it did lead to study drug discontinuation; the patient was treated with high dosages of corticosteroids (60 mg/day), and the event was ongoing at the time of database locking.
Deaths occurred at an incidence rate of 0.59 (95% CI 0.40-0.88). Of 7 deaths classified as certainly, probably, or possibly related to treatment, 4 were due to infections (including 2 cases of pneumonia [combined with pulmonary TB in 1 patient], 1 gastrointestinal infection, and 1 case of staphylococcal sepsis), 1 death was caused by peritoneal neoplasm, 1 was due to a combination of wound infection and malignant lung neoplasm, and 1 was attributable to multiorgan failure. An additional 18 deaths were considered unlikely to be related or unrelated to treatment; these deaths were most frequently due to cardiovascular events (n ϭ 7).
The reported incidence rate of prespecified local injection site reactions was 1.72 (95% CI 1.36-2.17); these reactions occurred predominantly during the first 6 months of treatment. All except 1 reaction were of mild-to-moderate intensity. The most commonly reported injection site reactions (incidence rate Ն0.10) were erythema, pain, pruritus, hematoma (incidence rate 0.33 [95% CI 0.2-0.6] for all), reaction (incidence rate 0.24 [95% CI 0.13-0.44]), swelling (incidence rate 0.12 [95% CI 0.05-0.29]), rash (incidence rate 0.10 [95% CI 0.04-0.25]), and papule (incidence rate 0.10 [95% CI 0.04-0.25]). Injection site reactions led to discontinuation of the study drug in 2 patients (1 due to erythema and mild pruritus at the injection site and 1 due to a severe injection site reaction).
Clinical laboratory abnormalities during the cumulative period. Abatacept was not associated with any clinically significant abnormalities of laboratory values. Low leukocyte counts were reported in 35 patients (1.9%), and low platelet counts were reported in 4 patients (0.2%). Mean leukocyte and platelet counts were stable throughout the cumulative period. Elevations in alanine transaminase (ALT) and aspartate transaminase (AST) levels were reported in 46 patients (2.4%) and 26 patients (1.4%), respectively. An elevation in the serum creatinine level was reported in 122 patients (6.5%). Mean blood chemistry values for ALT, AST, and creatinine were similar throughout the cumulative period.
Immunogenicity. During the cumulative period, 8.2% of all patients in the 4 combined phase III studies (143 of 1,749) had a positive response to testing for immunogenicity at some point while receiving treatment (based on electrochemiluminescence data), and 9.2% of patients (161 of 1,758) had positive test results at some point during the treatment and/or posttreatment periods. Abatacept-induced seropositivity was generally not persistent; only 1.4% of patients (24 of 1,723) were seropositive at Ն2 consecutive visits. In addition, in most patients, antibody titers were low: only 3 patients with abatacept-induced immunogenicity had titers of Ͼ100 while receiving SC abatacept (a positive response was defined as a titer of Ն10).
As reported for the individual trials (23, 25, 27, 31) , immunogenicity with SC abatacept did not appear to have any impact on safety in this pooled safety analysis. During the cumulative period, 25 (15.5%) of 161 patients with abatacept-induced immunogenicity experienced an SAE, 5 of which were classified by the investigator as possibly related to the study drug (exacerbation of acute diverticulitis, basal cell carcinoma, Ludwig's angina, respiratory tract infection, and dyspnea); however, investigators were unaware of immunogenicity status when classifying relatedness. Of the 25 seropositive patients who reported SAEs, 19 remained in the study. For 14 of these 19 patients, the seropositive samples were detected after the occurrence of the SAE. In the 5 patients in whom the seropositive samples were obtained during treatment and in whom these samples were detected prior to the occurrence of the SAE, no association between the event and the presence of the anti-abatacept antibodies could be established post hoc; the events were either unrelated to or not typically associated with immunogenicity (e.g., limb injury due to a fall, hip replacement surgery) and/or showed no temporal relationship with the presence of antibodies.
AEs in patients with abatacept-induced immunogenicity led to discontinuation in 8 patients (5.0%); 3 (1.9%) of these discontinuations were attributable to SAEs. In the 3 patients who discontinued due to SAEs, the events were not temporally associated with immunogenicity and/or were not classified as being related to study drug. During the cumulative period, 5 (3.1%) of 161 patients with abatacept-induced immunogenicity experienced an autoimmune event, including 2 cases of psoriasis and 1 case each of dermatomyositis, ulcerative colitis, and vasculitis. All autoimmune events were of mild-to-moderate intensity, and none led to discontinuation of the study drug. One case of psoriasis that occurred on day 753 was classified as possibly being related to the study drug; no other events were classified as being related. Three patients (1.9%) had prespecified local injection site reactions with concurrent abataceptinduced immunogenicity during the cumulative period. In these patients, injection site reactions were mild and did not appear to be related to immunogenicity (no temporal relationship/event related to the presence of anti-abatacept antibodies).
Safety over time. The incidence rates of SAEs at 6-month intervals were low and did not increase with increased abatacept exposure. The incidence rates of SAEs during each 6-month interval were 9.25 (95% CI 7.46-11.48) during the first 6 months and 10.40 (95% CI 7.88-13.72) during months 24-30. Similarly, incidence rates of serious infections (Figure 1) , malignancies, and autoimmune events (Figure 2 ) remained relatively stable over time with increasing exposure, as evidenced by overlapping 95% CIs at all time points (32) . The incidence rates of overall infections decreased over time, from an incidence rate of 74.67 (95% CI 68.76-81.08) at 6 months to an incidence rate of 31.12 (95% CI 25.63-37.78) at month 24 ( Figure 1) ; the 95% CIs did not overlap. The incidence of injection site reactions also decreased, from an incidence rate of 5.59 at 6 months (50 patients were affected during months 0-6) to an incidence rate of 0.0 at month 24 (no injection site ) and autoimmune events in 1,879 patients treated with subcutaneous (SC) abatacept and 4,149 patients previously treated with intravenous (IV) abatacept. Top, Incidence rates (95% confidence intervals) at 6-month intervals in patients treated with SC abatacept, and overall incidence rates in patients treated with SC abatacept and those treated with IV abatacept. Bottom, Numbers of patients with malignancies and autoimmune events and total patient-years of exposure at 6-month intervals. Autoimmune events are prespecified (Medical Dictionary for Regulatory Activities preferred terms). 
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reactions were reported) ( Figure 3) ; again, the 95% CIs did not overlap.
Comparison of safety across patient subgroups. At baseline, ϳ24% of patients (n ϭ 450) had a body weight of Ͻ60 kg; 67% (n ϭ 1,264) weighed 60-100 kg, and 9% (n ϭ 162) weighed Ͼ100 kg. Within these respective weight groups, the mean Ϯ SD durations of exposure to SC abatacept were 27.4 Ϯ 8.4 months, 27.5 Ϯ 8.9 months, and 25.4 Ϯ 12.1 months. During the cumulative period, lower incidence rates (per 100 patient-years) of AEs, SAEs, and AEs that led to discontinuation were observed in the lower-weight groups (Ͻ60 kg and 60-100 kg) compared with the higher-weight group (Ͼ100 kg) ( During the cumulative period, the mean Ϯ SD durations of exposure to SC abatacept according to age group were 27.5 Ϯ 9.7, 26.1 Ϯ 11.3, and 25.2 Ϯ 13.9 months in patients aged Ͻ65 years (n ϭ 1,609), Ն65 years (n ϭ 270), and Ն75 years (n ϭ 46), respectively. Among younger patients, the incidence rates (per 100 patient-years) of AEs, SAEs, and discontinuations due to AEs were lower than those among older patients (in patients aged Ͻ65 years, incidence rates 129. The mean Ϯ SD durations of exposure to SC abatacept according to sex were 27.3 Ϯ 9.2 months in female patients (n ϭ 1,546) and 27.5 Ϯ 8.7 months in male patients (n ϭ 333). The incidence rate (per 100 patient-years) of SAEs in female patients (8.85 Comparative safety of SC and IV abatacept. The incidence rates of overall safety events among patients receiving SC abatacept were compared with those from a previously reported integrated analysis of 4,149 patients treated with IV abatacept, representing up to 7 years of continued exposure (22) (Table 2, Figure 1 , and Figure 2 ).
DISCUSSION
In this integrated analysis of clinical trial safety data representing Ͼ4,200 patient-years of exposure (mean exposure 27.3 months), long-term treatment with SC abatacept was well tolerated, and no new safety signals were identified. Local injection site reactions were generally mild or moderate and infrequent, and most occurred within the first 6 months of exposure. SC abatacept was not associated with significant increases in the number of infections, malignancies, or autoimmune events over time. This represents the largest analysis of this kind with SC abatacept to date and complements a similar analysis with the IV formulation (22) .
Findings from the current analysis suggest that the risk of serious infections with SC abatacept treatment is not increased over time, consistent with previously published observations. Independent meta-analyses have suggested that the risk of serious infections during abatacept treatment (odds ratio 1.35 [95% CI 0.78-2.32] versus placebo) is not significantly increased, and that opportunistic infections are rare with abatacept (33) .
Patient subgroup analyses revealed that lower baseline weight (Յ100 kg) and younger age (Ͻ65 years) were associated with a decreased risk of safety events that was likely attributable to less obesity-and agerelated comorbidity compared with patients who were in the higher-weight group or were older. Female patients had a lower incidence rate of SAEs compared with male patients, but male patients demonstrated a lower incidence of AEs and discontinuation due to AEs. SC abatacept was well tolerated in the group that had received anti-TNF treatment during the cumulative period, although the evaluation is limited due to the small sample size (n ϭ 218). No new safety signals were identified compared with the established IV experience (22) .
Immunogenicity was transient, with low antibody titers, and did not persist or increase during continued treatment with SC abatacept. Overall rates of immunogenicity were higher in this pooled analysis compared with those in the previously published double-blind or short-term open-label periods of the individual SC abatacept studies (23) (24) (25) (26) (27) , which generally used the less sensitive enzyme-linked immunosorbent assay instead of the electrochemiluminescence assay used for the longterm extensions of these studies. The general safety profile in patients who experienced immunogenicity, in terms of the frequency of SAEs and discontinuations due to safety events, was comparable with that in the overall patient population treated with SC abatacept, suggesting that immunogenicity had no impact on safety following long-term SC abatacept treatment. The results of individual clinical trials suggest that immunogenicity does not have a significant impact on the efficacy of SC abatacept (23) (24) (25) (26) (27) . Several phase II and III trials (23, 27, 31, 34) demonstrated that treatment with IV abatacept was also associated with transient immunogenicity and low antibody titers, and that immunogenicity had no apparent impact on safety.
Overall, data for the cumulative population treated with IV abatacept support a similar safety profile for SC and IV abatacept, including AEs of particular interest, such as malignancies (incidence rates 0.71 and 0.73, respectively) and autoimmune events (incidence rates 1.37 and 1.99, respectively), based on results of a previously reported integrated analysis of 4,149 patients treated with IV abatacept with up to 7 years of continued exposure (22) . A slightly lower rate of serious infections was observed in the population treated with SC abatacept compared with the population treated with IV abatacept (1.79 versus 2.87); this lower rate may be associated with differences in baseline characteristics of the 2 populations. For example, the mean disease duration at baseline was lower in patients who received SC abatacept compared with that in patients who received IV abatacept (7.8 years and 10.1 years, respectively). These findings are also supported by results from the long-term extension phases of several randomized clinical trials (17, 18, 35) , which showed that IV abatacept was well tolerated, with low incidence rates of malignancies, serious infections, and autoimmune events, with no new safety signals over time (22) .
Most patients in this integrated analysis had experienced an inadequate response to MTX; however, the ATTUNE (Abatacept in Subjects Who Switch from Intravenous to Subcutaneous Therapy) study included patients in whom prior anti-TNF therapy had failed and who had been receiving long-term treatment (Ն4 years) with IV abatacept (26) . Overall, safety data for patients treated in the ATTUNE study (n ϭ 123; mean SC abatacept exposure 15.4 months) were consistent with those in the integrated SC abatacept analysis. However, any differences that do exist in the incidence of safety events in the ATTUNE study versus the integrated safety analysis may be related to factors such as longer exposure to abatacept and lower baseline disease activity (based on the Disease Activity Score in 28 joints using the C-reactive protein level [36] and the Health Assessment Questionnaire disability index [37] scores) and fewer tender and swollen joints compared with other abatacept trials.
Only patients who remained in the long-term extensions of these studies were evaluated, which should be noted as a limitation, because events that occurred long after discontinuation will not be captured. However, events that occurred up to 56 days after discontinuation were included in the analysis, a time frame that exceeds the half-life of abatacept at study termination and should therefore capture any event that occurs while abatacept remains in the body. Further observations of the safety of SC abatacept over longer treatment intervals are warranted to confirm that, similar to IV abatacept, no additional, unexpected safety signals will emerge over the long term.
The integrated safety analyses of SC abatacept demonstrate that treatment with the SC formulation is associated with low incidence rates of serious infections, malignancies, and autoimmune events, consistent with observations associated with IV abatacept. Administration of abatacept via the SC route was well tolerated, with low rates of injection site reactions and transient immunogenicity. The safety profile was consistent over time; the frequency of the events of interest did not increase, and there was no occurrence of unexpected/ new safety signals with continued exposure. These data support the long-term use of SC abatacept for the treatment of RA.
the final version to be published. Dr. Alten had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. Study conception and design. Alten, Kaine, Keystone, Delaet, Genovese. Acquisition of data. Alten, Kaine, Keystone, Nash, Delaet, Genovese. Analysis and interpretation of data. Alten, Kaine, Keystone, Nash, Delaet, Genovese.
ROLE OF THE STUDY SPONSOR
Bristol-Myers Squibb funded the study and reviewed and approved the manuscript prior to submission. The authors had ultimate control over the decision to publish and the final version of the manuscript submitted for publication. Professional medical writing and editorial assistance were provided by Caudex Medical and were funded by Bristol-Myers Squibb.
